Background {#Sec1}
==========

The identification of blood-meal origin in haematophagous arthropods such as mosquitoes provides important information concerning vector-host interactions and associated disease transmission dynamics \[[@CR1]\]. Molecular techniques for blood-meal identification and the increasing volume of openly accessible databases of host species identification data such as GenBank \[[@CR2]\] and The Barcode of Life Database \[[@CR3]\] have facilitated this area of research. Systematic characterisation of bird and mammalian host genetics in particular has increased the specificity of studies carried out driven by the use of polymerase chain reaction techniques. These techniques have largely replaced serological methods for blood meal identification such as the precipitin test and enzyme-linked immunosorbent assays (ELISA) \[[@CR4]\]. The high copy number and conserved nature of mitochondrial genes such as *cytochrome b* and *cytochrome c oxidase I* (COI) have made them popular targets for identification applied to host-feeding preference studies \[[@CR5]\]. Ribosomal genes such as the *internal transcribed spacer-2* (ITS-2) are also commonly used in species identification \[[@CR6]\]. For example, both COI and ITS-2 markers helped to identify a third member of the *An. maculipennis* complex, *An. daciae*, Linton, Nicolescu & Harbach 2004, from the previously recognised species *An. atroparvus* van Thiel 1927 and *An. messeae* Falleroni 1926 \[[@CR7]\]. Identifying mosquitoes to species level is important in blood-feeding studies as sibling species may exhibit marked differences in feeding preferences which are likely to influence their role in patterns of disease transmission (reviewed in \[[@CR8]\]).

Myxomatosis is a widespread disease of rabbits resulting from infection with the myxoma virus (*Poxviridae*, genus *Leporipoxvirus*). The virus causes mild disease in its South American native host species, rabbits of the genus *Sylvilagus* including the South American tapeti (*Sylvilagus braziliensis*), but in the European rabbit (*Oryctolagus cuniculus*) infection results in severe disease \[[@CR9], [@CR10]\]. Two years after its introduction into the UK in 1953 \[[@CR11]\], myxomatosis was responsible for the death of up to 99 % of the British rabbit population \[[@CR12]\] and although some resistance in natural populations has since emerged \[[@CR13]\], the disease continues to cause deaths in wild and domestic rabbits. The primary vector of the myxoma virus in Britain is the rabbit flea, *Spilopsyllus cuniculi* \[[@CR14]\]. Flea mouthparts become contaminated with myxoma virus when biting an infected rabbit, often directly through a lesion, and the virus can subsequently be mechanically transmitted to another host \[[@CR15]\]. Other biting insects have also been implicated in transmission, most notably several species of mosquito including members of the Australian species complex *An. annulipes* \[[@CR16]\]. In Australia, mosquitoes were the principle vector of myxomatosis until the introduction of *S. cuniculi* in 1969 in order to promote transmission of the disease for rabbit population control purposes \[[@CR17]\]. However, the role of mosquitoes in transmission of myxoma virus in the UK is less clear. Although an early study following the initial outbreak of myxomatosis in domestic rabbits implicated *An. atroparvus*, the authors found no evidence that healthy rabbits were fed upon in the wild, therefore did not consider the species important for transmission cycles in wild rabbit populations \[[@CR18]\]. Subsequent studies using direct capture from rabbits and rabbit-baited traps did provide evidence that healthy rabbits were bitten by mosquitoes, but at a relatively low frequency, particularly when alternative large mammals (such as livestock species) were in close proximity \[[@CR19]--[@CR21]\]. The myxoma virus was successfully identified from specimens of 17 out of the 34 British mosquito species in a limited number of studies (see Table [1](#Tab1){ref-type="table"}), experimental transmission of myxomatosis was demonstrated using *An. atroparvus* \[[@CR22]\] and exposure of healthy rabbits in the laboratory to the biting of field-caught mosquitoes resulted in infection \[[@CR18], [@CR19], [@CR23]\]. Yet the apparent low biting and feeding rates of mosquitoes on healthy wild rabbits appeared to be a limitation to the involvement of mosquitoes in natural transmission cycles. In the UK mosquitoes might become infected through opportunistic feeding on infected rabbits with reduced host defensive behaviour but were unlikely to subsequently bite a healthy rabbit and transmit the virus.Table 1Reported rabbit-feeding behaviour of British mosquitoes and their association with the myxoma virus prior to this studyMosquito speciesEvidence of natural rabbit feedingIdentification of rabbit feeding through analysis of blood-mealsWild-caught mosquitoes positive for *Myxoma* virus*Aedes cinereus*Yes \[[@CR21], [@CR23]\]^BC^, \[[@CR19]\]^DC^Yes \[[@CR19], [@CR20]\]No*Aedes rusticus*Yes \[[@CR19]\]^BC^NoNo*Anopheles atroparvus* ^a^NoNoYes \[[@CR18]\]*Anopheles claviger*Yes \[[@CR19]\]^DC,\ BC^Yes \[[@CR19], [@CR20]\]Yes \[[@CR19]\]*Anopheles plumbeus*Yes \[[@CR19], [@CR43]\]^DC,\ BC^Yes \[[@CR20], [@CR21]\]Yes \[[@CR19]\]*Coquillettidia richiardii*Yes; \[[@CR19], [@CR43]\]^BC^Yes \[[@CR19]--[@CR21]\]No*Culex pipiens s.l.*Yes \[[@CR43]\]^BC^Yes \[[@CR19], [@CR20]\]Yes \[[@CR19]\]*Culex torrentium*Yes \[[@CR43]\]^BC^Yes \[[@CR20]\]No*Culiseta annulata*Yes \[[@CR19], [@CR43]\]^DC,\ BC^Yes \[[@CR20], [@CR21]\]No*Culiseta litorea*YesYes \[[@CR20]\]No*Culiseta morsitans*Yes \[[@CR43]\]^BC^, \[[@CR19]\]^DC^Yes \[[@CR19], [@CR21]\]No*Ochlerotatus annulipes*Yes \[[@CR23]\]^BC^Yes \[[@CR23]\]Yes \[[@CR23]\]*Ochlerotatus cantans*Yes \[[@CR19], [@CR23]\]^BC^Yes \[[@CR20], [@CR23]\]Yes \[[@CR19], [@CR23]\]*Ochlerotatus detritus*Yes \[[@CR43]\]^DC,\ BC^, \[[@CR19]\]^DC^NoNo*Ochlerotatus dorsalis*NoYes \[[@CR19], [@CR20]\]No*Ochlerotatus punctor*Yes \[[@CR19], [@CR20]\]^DC^, \[[@CR43]\]^BC^Yes \[[@CR19]\]No*Ochlerotatus geniculatus*Yes; \[[@CR19]\]^DC,\ BC^Yes \[[@CR19]\]NoEvidence of natural feeding provided by direct collections (^DC^) from rabbits, or rabbit-baited trap collections (^BC^)^a^ *Anopheles atroparvus* was identified in these studies based on morphological and behavioural characteristics. *Culex pipiens* s.l. in these studies was identified morphologically and thus could include *Cx. pipiens f. pipiens* or *Cx. pipiens f. molestus*

A major limitation to mosquito blood-feeding studies lies with the difficulty in collecting large numbers of blood-fed individuals with blood-meals that are sufficiently undigested to allow successful DNA amplification \[[@CR4]\]. This study aimed to maximise the data obtained from each blood-fed specimen by assessing whether a single DNA extract could be used for multiple purposes: firstly to identify the blood-meal origin in members of the *An. maculipennis* s.l using a cocktail of 'universal' barcoding primers and secondly to identify individual species of the *An. maculipennis* s.l. present in the study area to assess whether different species exhibited different feeding preferences. *An. maculipennis* s.l. was abundant at the site during the collecting visits and the dominant anopheline species captured. During a visit to Elmley, Kent, in the summer of 2013, it was also observed that rabbits were frequently present within 25 metres of areas where human biting activity of mosquitoes had been reported by farm workers. On a subsequent visit, wild rabbits with obvious facial lesions indicative of myxomatosis were observed. Therefore, a further aim of the study was to test whether blood-meal samples that originated specifically from rabbits also contained evidence of myxoma virus infection.

Methods {#Sec2}
=======

Collection of blood-fed mosquitoes {#Sec3}
----------------------------------

*An. maculipennis* s.l. were collected over 15 visits from Elmley National Nature Reserve, Isle of Sheppey (51.377445, 0.784068), Kent, UK between June and September 2013. Elmley is a freshwater coastal marsh used to graze approximately 700 head of cattle. The collection site was within 200 meters of grazing cattle. The site is popular with birdwatchers all year-round owing to the abundance of local and seasonal migrant bird species that breed in the area. Mosquitoes were primarily collected using a mouth aspirator (John W Hock, Gainsville, Florida, USA) from inside the publically accessible toilet facilities where they were observed to be resting on walls and close to exposed sections of the wood enclosing the pipework (Fig. [1](#Fig1){ref-type="fig"}). Additional attempts to collect blood-feds from a similar area were made using four CDC resting traps \[[@CR24]\] placed in close proximity (\~25 m) to the toilet block and run overnight (\~14 hours) for nine of the 15 nights. Finally any anophelines landing on and attempting to feed on the collector were captured where possible. Collected mosquitoes were placed into a cooler containing dry ice and transported to the laboratory. Blood-fed specimens were separated from non-blood-fed specimens on the same day as collection and stored at −20 °C until processing at the Animal and Plant Health Agency (APHA).Fig. 1Photograph showing the primary collection area of resting mosquitoes in the toilet block at Elmley. Blood-fed *Anopheles maculipennis* s.l. mosquitoes were found resting directly on the walls and on or under the exposed wooden covering to the pipework

DNA extraction from mosquito abdomens {#Sec4}
-------------------------------------

Mosquitoes were identified based on morphological features as *An. maculipennis* s.l. following the key of Snow \[[@CR25]\]. Abdomens of engorged mosquitoes were separated from the rest of the body on a chilled plate using forceps, and placed into individual 1.5 mL eppendorf tubes containing 200 μl phosphate buffered saline (PBS). The abdomens were pressed against the wall of the tube using the forceps to release the blood-meal. The remaining head and thorax of each mosquito was stored at −20 °C for morphological reference. Forceps were cleaned between specimens using a three stage wash to avoid cross-contamination. The first wash consisted of 5 % decon, the second of 100 % ethanol and the third of sterile water, at which point all excess liquid was removed with task wipes (Kimtech Science, Roswell, Georgia, USA). Each sample was incubated with 20 μl proteinase K and 200 μl buffer AL for 30 min at 56 °C in a water bath. DNA extraction was carried out using the DNeasy Blood and Tissue Kit (QIAgen, Manchester, UK), following the manufacturer's spin column-protocol. All DNA extractions were stored at 4 °C until processing.

Identification of blood-meal host {#Sec5}
---------------------------------

Vertebrate host species in the blood-meal were identified using a vertebrate specific, M13-tailed, triple-primer cocktail (VF1_t1 + VF1d_t1 + VF1i_t1/VR1_t1 + VR1d_t1 + VD1i_t1) targeting a 685 base pair (bp) sequence of the COI gene \[[@CR26], [@CR27]\]. This primer combination was expected to amplify all vertebrate species. Reaction contents were obtained from Sigma-Aldrich (Sigma-Aldrich, Dorset, UK) unless otherwise stated. The final PCR reaction mix of 50 μl consisted of: 31.075 μl H~2~O, 5 μl GeneAmp 10X PCR buffer I (Applied Biosystems, Life Technologies Ltd, Paisley, UK), 1 μl dNTPs (at 0.2 mM/μl), 1 μl of each primer (at 10pmol/μl), 0.25 μl AmpliTaq Gold DNA Polymerase (10 units/μl) (Applied Biosystems, Life Technologies Ltd, Paisley, UK), 0.675 μl dimethyl sulfoxide (DMSO), 1 μl tetramethylammonium chloride (TMAC) and 5 μl extracted DNA. The thermal profile consisted of an initial denaturation step at 94 °C for 10 minutes followed by 40 cycles of: 94 °C for 30 seconds, 53 °C for 30 seconds, 72 °C for one minute, followed by a final elongation step of 72 °C for 10 minutes. PCR products were separated on a 1.5 % agarose gel and samples producing a positive result were sequenced. Sequencing was performed using M13 primers \[[@CR27]\] at 1pmol/μl. Amplification products were sequenced in both directions using the ABI PRISM® BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Life Technologies Ltd, Paisley, UK). All sequences were edited using Lasergene version 12.1 (DNASTAR, Inc, Madison, Wisconsin, USA) and assigned to a particular vertebrate species when agreement was ≥98 % to sequences of known species in GenBank \[[@CR28]\].

Species identification within *Anopheles maculipennis* s.l. {#Sec6}
-----------------------------------------------------------

Species level identification was obtained by amplification of a 435 bp region of ITS-2 using the primers 5.8SF and 28SR of Collins & Paskewitz \[[@CR29]\]. PCR products were obtained using an optimised real-time PCR assay in a Mx3000P real-time PCR system (Stratagene, Agilent Technologies, Cheshire, UK) in the following reaction mix, final volume 40 μl: 2 μl of DNA template, 14 μl H~2~O, 20 μl SYBRGreen JumpStart *Taq* ReadyMix (Sigma-Aldrich, Dorset, UK) and 2 μl of each primer (each at 10 pmol/μl). The thermal profile consisted of an initial denaturation step at 94 °C for 10 minutes followed by 35 cycles of: 94 °C for 30 seconds, 53 °C for 30 seconds, 72 °C for one minute, followed by a final elongation step of 72 °C for 10 minutes. PCR products were visualized on a 1.5 % agarose gel, and samples showing bands of the correct size were sequenced in both directions using the ABI PRISM® BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). All sequences were edited in Lasergene version 12.1 (DNASTAR) and assigned to a particular mosquito species when agreement was ≥98 % to sequences of known species in GenBank. ITS-2 sequences for each of the species within *An. maculipennis* s.l. found in the UK are available.

Detection of myxoma virus {#Sec7}
-------------------------

Myxoma virus genome was detected using two previously published methods. Samples were initially screened using Low-GC PCR primers that amplified a 220 bp sequence of the myxoma virus genome \[[@CR30]\]. Samples giving a positive result were also amplified using a primer pair (M135Rfor/M135Rrev) \[[@CR31]\] that produced a 650 bp amplicon. Amplified products were excised from a 2 % agarose gel and purified using a gel extraction kit (QIAgen, Manchester, UK). The resulting amplicon was then sequenced using flanking primers and ABI PRISM® BigDye® Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Life Technologies Ltd, Paisley, UK) following the manufacturer's instructions. The presence of myxoma virus was confirmed by BLAST (NCBI) search of the sequence.

Results {#Sec8}
=======

In total, 94 blood-fed specimens belonging to the *An. maculipennis* s.l. were collected from the Elmley site over 15 collection days. The toilet block yielded the majority (*n* = 92), with only one blood-fed *An. maculipennis* s.l. collected in the CDC resting traps and one that alighted on the collector. Of the total blood-fed samples extracted, 43 (46 %) produced a 685 bp band when amplified with COI primers as illustrated in Fig. [2](#Fig2){ref-type="fig"}. *An. maculipennis* s.l. at Elmley fed on cow (*Bos taurus*), European rabbit (*Oryctolagus cuniculus*) and dog (*Canis lupus familiaris*) (Table [2](#Tab2){ref-type="table"}).Fig. 2Gel image showing COI amplification products. The samples are PhiX174 DNA marker (M), negative control (1), mosquito blood-meal samples (2--4) and a positive control of DNA (5,6). The positive control was DNA extracted directly from horse bloodTable 2Hosts selected by mosquito species at Elmley, Kent, between June and September 2013Mosquito speciesCowRabbitDogTotal*Anopheles atroparvus*333036*Anopheles messeae*6017Total of blood-fed933143

The molecular identification of the species from the same DNA samples using the ITS-2 region revealed that 36 specimens were *An. atroparvus* (98--100 % identity following BLAST search) and seven specimens were *An. messeae* (99--100 % identity following BLAST search). For the latter sequences, all shared greater than 99 % identity with published *An. messeae* ITS-2 sequences (GenBank accession number AY238412) and we are confident that no blood-fed samples of *An. daciae* were detected at the site. When the blood-feeding hosts were analyzed by species, *An. atroparvus* fed mainly on rabbits (*n* = 33, 92 %) and cattle (*n* = 3, 8 %). In contrast, *An. messeae* was found to have fed on cattle (*n* = 6, 86 %) and dog (*n* = 1, 14 %) (Table [2](#Tab2){ref-type="table"}).

Rabbits at the collection site had been observed showing facial lesions suggestive of myxomatosis (Fig. [3](#Fig3){ref-type="fig"}). All 33 specimens of *An. atroparvus* that were found to have fed on rabbits were tested for the presence of the myxoma virus. In total, amplicons were obtained from nine blood-meal samples (27 %) (Fig. [4](#Fig4){ref-type="fig"}). DNA sequencing confirmed that the amplicon was derived from the myxoma virus showing 100 % sequence identity to previously characterised virus genomes from England (GenBank accession number KC660084 \[[@CR32]\]).Fig. 3Rabbit with swelling and lesions around the eyes indicative of myxomatosis infection (photographed by VAB at Elmley, Kent in July 2014)Fig. 4Gel image showing myxoma virus amplification products in mosquito blood-meal samples. The lane order is: 100 bp ladder (M), blood-fed *Anopheles atroparvus* DNA extracts BF1 (1), BF13 (2), BF14 (3), BF19 (4), BF20 (5), BF31 (6), BF47 (7), BF33 (8), BF39 (9), BF9 (10), BF85 (11), BF93 (12), BF99 (13), BF106 (14), BF108 (15), BF110 (16), BF111 (17), BF18 (18), 113 (19), myxoma virus positive controls (20, 21), negative control (22)

Discussion {#Sec9}
==========

This study demonstrates that a single DNA extract from the abdomen of a blood-fed mosquito can be successfully used for three purposes in a sequential workflow: (1) for the identification of the vertebrate origin of a blood-meal by sequencing of a 685 bp region of the COI gene, followed by (2) the molecular identification of members of *An. maculipennis* s.l. by sequencing of a 435 bp region of ITS-2, then (3) the detection of a pathogen, in this case the myxoma virus. This approach provided definitive evidence that *An. atroparvus* feeds extensively on both healthy and myxoma-infected rabbits, thus indicating that this mosquito could play a more significant role in the transmission of myxomatosis in wild rabbit populations in the UK than was previously suspected.

Early studies on the feeding behaviour of *An. atroparvus* \[[@CR18], [@CR22]\] were limited to morphological identification of specimens. Despite suggestions as far back as the 1930s of a third member of the *An. maculipennis* s.l. in the UK \[[@CR33]\], it was not until recent sequencing of ITS-2 was performed that a third member, *An. daciae*, was discovered \[[@CR7]\]. Applying current molecular techniques to delineate mosquito species complexes is important as morphologically indistinguishable sibling species may exhibit different feeding behaviours that will affect their capacity to act as disease vectors. Owing to its recent discovery in the UK the feeding preferences of *An. daciae* have not been extensively studied, however one study indicated it may differ from *An. atroparvus* and *An. messeae* by feeding on birds as well mammals \[[@CR34]\]. In the present study no *An. daciae* were found but *An. atroparvus* and *An. messeae* were successfully identified by amplification of ITS-2 \[[@CR29]\]. The presence of both species in the same collection site is to be expected as Elmley sits at the interface between the saline coastal habitats generally favoured by *An. atroparvus* and freshwater breeding habitats in the grazing marshes more suited to *An. messeae* (see \[[@CR35]\] for a review). Both these species were found to feed only on mammals, corresponding with previous studies \[[@CR34]\]. However, 92 % of *An. atroparvus* blood-meals were taken from rabbits, whereas *An. messeae* was found to have fed only on cattle (86 %) and dog (14 %). It is worthy of note that although the 14 % of *An. messeae* comprises only a single mosquito, only one dog is present on site (this belongs to the site owners; other dogs are not permitted) and thus the host abundance of this species is considerably lower than that of rabbits around the collection site. Nonetheless it is evident that further blood-fed collections from the site are required to draw conclusions on whether these results reflect a true difference in feeding preferences between the two mosquito species. Prior to this study, there have been no published reports of rabbit blood being detected in field-caught specimens of *An. atroparvus* in the UK (Table [1](#Tab1){ref-type="table"}). The molecular approach used in this study facilitated the finding of this result as sequencing of the 'universal' barcoding region of the COI gene precludes the need to pre-select hosts on which mosquito feeding is considered most likely, a necessary step in the preparation of species-specific sera for serological assays such as the precipitin test or when designing primers for a multiplex assay. The previous study collecting *An. maculipennis* s.l. from a similar area of Kent utilised a multiplex assay design that did not include rabbit and therefore was not able to inform on rabbit-feeding behaviour \[[@CR34]\].

The apparent strong feeding preference of *An. atroparvus* for rabbits is somewhat surprising considering the low numbers captured previously in a study employing direct capture of mosquitoes, rabbit-baited traps and precipitin testing in the UK \[[@CR19]\]. There, only two individuals of the *An. maculipennis* s.l. were collected, both of which were negative for rabbit blood by precipitin testing and neither mosquito were identified to species. A recent host preference study in Spain provided evidence that *An. atroparvus* populations did feed on rabbits in the wild, albeit at a frequency of less than 2 % (2/115 blood-meals) \[[@CR28]\]. This contrasts with observations of strong feeding preferences for rabbits by *An. atroparvus* elsewhere in Europe \[[@CR36]\], raising the question of whether different populations of the same species may exhibit different feeding preferences driven mainly by the local availability of hosts rather than an intrinsic preference \[[@CR37]\]. Collecting larger numbers of blood-fed *An. maculipennis* s.l. from several sites across the UK taking into account local rabbit abundance may provide evidence to this effect. Elmley Nature Reserve is a grazing marsh with cattle present close to the area of collection and throughout the collection period. It would appear that rabbits are being preferentially selected for feeding by *An. atroparvus* despite the presence of larger mammalian hosts, although host-baited choice experiments in the field or laboratory would provide stronger evidence for this behaviour (reviewed in \[[@CR4]\]).

It is important to maximise the data that can be obtained from a single blood-fed specimen as collecting large numbers of blood-fed mosquitoes in the UK by currently available methods is challenging \[[@CR38]\]. Furthermore, the likelihood of successfully identifying blood-meal host decreases rapidly with time as digestion within the insect takes place (reviewed in \[[@CR4]\]). The primer cocktail used in this study \[[@CR27]\] successfully identified the blood-meal host in 46 % of the captured blood-fed mosquitoes. The time between feeding and collection was not known for mosquitoes in this study but assessing mosquitoes in future studies using the Sella score to rate level of digestion would be beneficial to assess the efficacy of this approach according to the degree of digestion \[[@CR39]\].

The concomitant identification of both the mosquito and its blood-meal host allowed for the targeted selection of specimens of epidemiological relevance for subsequent pathogen screening, saving both time and resources. In this instance we have screened samples for a mechanically transmitted pathogen. Prior to this study, there was little evidence from fieldwork studies that mosquitoes played an important role in the transmission of myxomatosis among wild rabbit populations in the UK. Evidence for occasional involvement in transmission to and within domestic rabbit populations has been reported \[[@CR18]\] supported by laboratory transmission data \[[@CR22]\]. This study found that 27 % of blood-meals derived from rabbit were positive for myxoma virus. According to evidence that arthropod transmission is mechanical and therefore requires the presence of a lesion through which mouthpart contamination will occur \[[@CR15]\], this finding demonstrates that wild, myxomatosis-infected rabbits are being fed upon by *An. atroparvus* at Elmley. However, it is the observation that over two-thirds of rabbit-derived blood-meals were negative for myxoma virus that is most important and differs from previous studies in the UK as this suggests that *An. atroparvus* is not simply opportunistically feeding on diseased rabbits, but also readily feeds on healthy rabbits in wild populations. We therefore conclude that mosquitoes could contribute to the transmission of the virus. Mosquito collections in this study were conducted between June and September, the period broadly considered to be the peak vector season in the UK \[[@CR21], [@CR40]\], however, the number of mosquitoes collected make interpreting seasonal influences uncertain. If the peak incidence of myxomatosis in the rabbit population were to be closely associated with the peak period of *An. atroparvus* activity, then this would provide evidence of seasonal shifts in the relative importance of different vector groups in the area.

The myxoma virus possesses a DNA genome and was therefore present following the extraction procedure. However, using a DNA- or RNA-specific extraction protocol provides an additional limitation to the data that can be obtained from each specimen. Therefore, we advocate the use of a co-extraction procedure such as that of Griffiths \[[@CR41]\] that would preserve both DNA and RNA, greatly widening the information that could be obtained from a single mosquito specimen. Further applications of such an approach could include screening for human viral pathogens present in mosquitoes that had fed on humans for the purposes of xenosurveillance \[[@CR42]\].

Conclusions {#Sec10}
===========

This study shows that a single DNA extraction can be successfully used to identify blood-meal host, delineate to species level members of the *An. maculipennis* s.l. and to subsequently detect the presence of an animal pathogen, myxoma virus. This tripartite approach revealed that healthy and myxomatosis-infected rabbits are a major blood-feeding host at Elmley, Kent, and therefore provides further evidence that *An. atroparvus* may play an important role in the transmission of this disease in wild rabbit populations.
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